immunologists. The aim of the study was to investigate the occurrence of dependence 20 between selected physical parameters of serum such as: electrical conductivity, electrical 21 permeability, dielectric loss factor, and selected parameters of the immune system. In 22 addition, we have also included the ionogram (Na, K, Cl, Ca, Mg) and glucose 23 concentration. As a result of research, the statistically significant, but very weak correlations 24 between impedance magnitude |Z| and platelet counts (PLT), mean platelet volume (MPV) 25 and chloride ions (Cl-) were found. The statistically significant differences according |Z| 26 between children with and without deficiency in parameters of the immune system were 27 noticed. Values of |Z| are higher in the case of children without deficiency in parameters of 28 the immune system.The method of impedance measurements presented in our work is 29 significantly easier then biosensors presented by other scientists. Taking into account our 30 results, it can be stated that this method is promising for fast and easy detection of 31 immunological disorders. 32 33
Despite considerable progress in the diagnosis of various diseases, an ideal, simple tool for 38 diagnosing patients with recurrent respiratory tract infections has not yet been invented. 39 40 Recurrent respiratory infections in children constitute an important clinical problem in the 41 practice of the primary care doctor as well as the specialist. While their recurrent nature is a 42 common diagnostic problem. In children up to 5 years of age, the number of respiratory 43 infections may reach 6-8 per year. Usually, as the child develops, the relapse rate drops, 44 however, in some children, these infections are more frequent and / or have a more severe 45 and prolonged course. This may result, among others, from geoclimatic conditions, lifestyle, 46 and the maturation of the immune system (especially in humoral immunity) in developmental 47 age. 48 One of the reasons for these ailments is a variety of abnormalities in the immune system, 49 which may be of primary (innate) or secondary nature. 50 51
In addition, the incidence rate is not the only criterion indicating the need to qualify the child 52 for a wider diagnosis to assess the causes of recurrence of infection. Approximately 2.5 ml of whole blood samples were collected into tubes without the addition 124 of anticoagulant, then, after the clot was formed, they were centrifuged at 1000 x g for 10 125 minutes using a laboratory centrifuge with cooling. The serum obtained in this process was 126 used to measure its electrical properties. 127
The serum complex impedance measurements were carried out at a room temperature, with 128 a parallel plate electrode system, at frequency in a range 10 Hz -1 MHz and by using ATLAS 129 0441 HIA apparatus. Electrode system was cylindrical in shape and had volume of 2 ml. 130 Impedance (Z) is generally defined as the total opposition a material offers to the flow of an 131 alternating current (AC) at a given frequency, and is represented as a complex quantity:
where ReZ is a real part (resistance), ImZ is an imaginary part (reactance), and j is the 134 imaginary unit ( ). 135
The magnitude of the impedance is defined as follows: 136 (2) 137
138
Statistical analyses were carried out with Statistica v.10 environment (StatSoft, Poland). A 139 p-value <0.05 defined statistically significant differences. The distribution of data was 140 evaluated by the Kolmogorov-Smirnov and Shapiro tests and when the data didn't follow a 141 normal distribution, the Kruskal-Wallis and Mann-Whitney U nonparametric tests were 142 used for determination of significant differences between serum samples according to their 143 impedance. Correlations were established using Pearson's correlation coefficients. 144
Results

145
To better describe the immunologically patient population, the number of patients with 146 deficiencies in specific immune system parameters was determined. In As an effect of impedance spectroscopy, for each patient, the complex impedance of serum 155 was measured in the frequency range from 10 Hz to 1 MHz. Figures 1 and 2 show the 156 frequency dependence of the impedance magnitude |Z| for five patients. For better 157 readability, these dependencies are presented in two frequency ranges. From 10 Hz to 1 kHz 158 for α dispersion region (see fig. 1 ) and from 1 kHz to 1 MHz for  dispersion region (see fig.  159 2). 160 It is evident from Fig. 1 and 2 that the impedance magnitude |Z| decreases with the increase 166 of frequency. The decrease is significant for α dispersion region and impedance flattens at 167 around 10 3 Hz. 168
Based on Kruskal-Wallis nonparametric test, the statistically significant differences 169 between impedance |Z| of serum of certain patients were investigated. When the impedance 170 was measured in the frequency range from 10 Hz to 1 MHz, only little serum samples (8,7%) 171
were significantly different according the value of impedance |Z|. Therefore, the frequency 172 range was limited to 11 kHz -1 MHz. In the result, the number of samples significantly 173 different according the value of impedance |Z| increased to 34,4%. 174
For investigation of dependencies between biochemical and electrical serum parameters, the 175 single frequency was chosen from the range 11 kHz -1 MHz. The chosen frequency was 64 176 kHz and linear and nonlinear correlation coefficients were calculated between the impedance 177 magnitude |Z| measured at the frequency 64 kHz and biochemical serum parameters. The 178 statistically significant correlations were found between |Z| and platelet counts (PLT), mean 179 platelet volume (MPV) and chloride ions (Cl-). 
217
U. assisted in revised the manuscript.; visualization, K.P.; supervision, G.P. and K.P; project administration, G.P.; 218 G.P. and K.P. prepared the final manuscript which was approved by all authors. 
